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Abstract. We present a systematic analysis of transverse momentum (pT ) spectra of the strange hadrons
in different multiplicity events produced in pp collision at
√
s = 7 TeV, pPb collision at
√
sNN = 5.02 TeV
and PbPb collision at
√
sNN = 2.76 TeV. Both the single and differential freeze out scenarios of strange
hadrons K0s , Λ and Ξ
− are considered while fitting using a Tsallis distribution which is modified to include
transverse flow. The pT distributions of these hadrons in different systems are characterized in terms of
the parameters namely, Tsallis temperature (T ), power (n) and average transverse flow velocity (β). It
is found that for all the systems, transverse flow increases as we move from lower to higher multiplicity
events. In the case of the differential freeze-out scenario, the degree of thermalization remains similar for
events of different multiplicity classes in all the three systems. The Tsallis temperature increases with the
mass of the hadrons and also increases with the event multiplicity in pp and pPb system but shows little
variation with the multiplicity in PbPb system. In the case of the single freeze-out scenario, the difference
between small systems (pp, pPb) and PbPb system becomes more evident. The high multiplicity PbPb
events show higher degree of thermalization as compared to the events of pp and pPb systems. The trend
of variation of the temperature in PbPb system with event multiplicity is opposite to what is found in the
pp and pPb systems.
PACS. 1 2.38.Mh, 25.75.Ag, 25.75.Dw
1
1 Introduction
The heavy ion collisions at RHIC and LHC aim to create
matter with high energy density required for the forma-
tion of Quark Gluon Plasma (QGP) [1] [2] [3]. The quark
gluon matter once formed, presumably with local thermal
equilibrium expands, cools and undergoes a phase transi-
tion to hadronic matter. The hadronic matter continues to
expand and once the mean free path of hadrons becomes
bigger than the system size, they decouple from the sys-
tem and move to the detectors. The transverse momentum
(pT ) spectra of hadrons reflect the condition of the system
at the time of freeze-out. The pT spectra of hadrons such
as pions, kaons, protons and strange baryons have been a
very useful tool to study particle production mechanisms,
thermalization and collective effects in a large system [4]
[5]. At LHC, three different types of collisions: proton-
proton (pp), proton-lead (pPb), and lead-lead (PbPb) are
performed at different center of mass energies.
1 ∗ E-mail: pshuklabarc@gmail.com
The nucleus at high energy is considered to be a system
of very dense partons. These partons can undergo simulta-
neous and independent scatterings during initial collisions
and produce large number of particles in the final state.
The thermalization time scale commonly assumed for the
QGP created in nuclear collisions is significantly less than
1 fm/c [6] which is small compared to the size of a heavy
nucleus and thus it is expected that the system thermal-
izes. There have been discussions of collectivity [7] in
pp collisions also, after the observation of long range ra-
pidity correlations in high multiplicity pp events at LHC
energy [8]. A Boltzmann-Gibbs Blast Wave model fit has
been performed on strange and non-strange hadrons pro-
duced in pp collisions in the Ref. [9] concluding that there
is a collective transverse flow in small systems.
The Tsallis distribution [10] [11] describes near ther-
mal systems in terms of two parameters, temperature T
and parameter q which measures temperature fluctuation
or degree of non-thermalization. It is known [12] [13] that
the functional form of the Tsallis distribution with ther-
modynamic origin in terms of the parameter q is the same
as the QCD-inspired Hagedorn formula in terms of the
parameter n [14] [15]. The parameter n or q governs the
power law tail of the pT spectra. The Tsallis function
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gives an excellent description of pT spectra of all identified
mesons measured in pp collisions at RHIC and LHC ener-
gies [12][16] [17]. The hadron pT distributions in heavy ion
collisions are modified due to collective flow so the Tsal-
lis blast wave method is used as in Ref. [18]. The aver-
age transverse flow is included in the Tsallis distribution
in Ref. [19] keeping the functional form analytical. This
modified function can be used in a wider pT range as was
done for both meson and baryon spectra in heavy ion col-
lisions at RHIC and LHC [19] [20]. A Tsallis analysis of
pT spectra of identified particles produced in pp collisions
at various RHIC and LHC energies has been performed in
Ref. [21].
The ALICE experiment has measured identified charged
hadron spectra in PbPb collisions at
√
sNN = 2.76 TeV
for many centrality classes [22]. They have also carried
out a combined blast wave analysis of all particle spectra
in a single freeze-out scenario choosing an intermediate pT
range where hydrodynamics is assumed to be applicable.
They obtained inverse slope parameter of blast wave func-
tion in chosen fit-ranges of particle spectra. Few analyses
perform fits in terms of different sets of parameters for
strange and non-strange particles [20]. There are recent
analyses of LHC data [23] [24] [25] suggesting a differen-
tial freeze-out scenario for different particles. The Tsallis
study of pT spectra in pp and AA collisions in Ref [24]
finds heavier particles freeze out at higher temperatures.
They also carried out a blast wave analysis to obtain ra-
dial flow of particles. The work in Refs. [24][25] analyses
the pT spectra of pi
+,K+, p, d and 3He particles in PbPb
collisions at
√
sNN = 2.76 TeV using the Tsallis distribu-
tion in different centralities. The extracted temperature
is found to increase with the increase of the particle rest
mass. The intercept in temperature and mass correlation
has been regarded as the mean kinetic freeze out temper-
ature of the system. The higher effective temperature in
the central collisions as compared to that in the peripheral
collisions is attributed to the higher excitation state of the
system in central collisions at the time of freeze-out [25].
The transverse flow velocity of the produced particles in
the source rest frame is extracted based on the slopes in
the linear relation between the mean pT and mean moving
mass.
In this work, we use the Tsallis distribution with trans-
verse flow to carry out the analysis of pT spectra of strange
hadrons in different multiplicity events produced in pp col-
lision at
√
s = 7 TeV, pPb collision at
√
sNN = 5.02 TeV
and PbPb collision at
√
sNN = 2.76 TeV. We perform the
fits of spectra of strange hadrons K0s , Λ and Ξ
− consider-
ing both single and differential freeze out scenarios. The
(pT ) distributions of these hadrons in different systems are
characterized in terms of the parameters namely, Tsallis
temperature (T ), power (n) and average radial flow veloc-
ity (β). The goal is to study the behaviour of the three
systems with two different freeze out scenarios.
2 Tsallis Distribution Function with
Transverse flow
The transverse momentum spectra of hadrons can be de-
scribed using the modified Tsallis distribution [19]. The
modified Tsallis function is given by
E
d3N
dp3
= Cn
[
exp
(
−γ β pT
n T
)
+
γ mT
n T
]−n
. (1)
Here Cn is the normalization constant, mT (
√
p2T +m
2)
is the transverse mass, γ = 1/
√
1− β2, β is the average
transverse velocity of the system and T is the tempera-
ture. The power n is related to the Tsallis parameter q as
n = 1/(q− 1), where q gives temperature fluctuations [26]
in the system as : q−1 = Var(T )/< T >2. The parameter
n can be called degree of thermalization [26]. Larger values
of n correspond to smaller values of q. Both n and q have
been interchangeably used in the Tsallis distribution [11]
[16] [27] [28] [29]. The Tsallis interpretation of parameters
T as temperature and q as non-extensivity parameter is
more suited for heavy ion collisions while for pp collisions
Hagegorn interpretation in terms of power n and inverse
slope parameter T is more meaningful. Phenomenologi-
cal studies suggest that, for quark-quark point scattering,
n ∼ 4 [30] [31], and when multiple scattering centers are
involved n grows larger.
When β is zero, Eq. 1 is the usual Tsallis equation :
E
d3N
dp3
= Cn
(
1 +
mT
nT
)−n
. (2)
In recent years, Tsallis distribution has been the most pop-
ular tool to characterize hadronic collisions [13] [26] [27]
[32]. At low pT , Eq. 1 represents a thermalized system
with collective flow
E
d3N
dp3
' Cn exp
(
−γ(mT − βpT )
T
)
for pT → 0 . (3)
At high pT , it becomes a power law
E
d3N
dp3
' Cn
(
γmT
nT
)−n
for pT → ∞ . (4)
For very large n(→ ∞) (or q → 1), the Eq. 1 takes the
Boltzmann form with transverse flow as in Eq. 3.
3 Results and Discussions
In the present analysis, we use pT spectra of the strange
hadrons produced in different multiplicity events of pp col-
lision at
√
s = 7 TeV, pPb collision at
√
sNN = 5.02 TeV
and PbPb collision at
√
sNN = 2.76 TeV measured by
CMS experiment [33]. The measured pT spectra of K
0
s , Λ
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and Ξ− particles are fitted with the modified Tsallis dis-
tribution (Eq. 1) using two methods. First, we assume a
differential freeze out scenario and analyse the pT spec-
tra of K0s , Λ and Ξ
− individually. In the second method,
we assume a single freeze out scenario and perform a com-
bined fitting of all the three hadron spectra simultaneously
in each multiplicity bin.
Figure 1 shows the invariant yields of the strange
hadrons
(
(a) K0s , (b) Λ and (c) Ξ
−) as a function of pT
for pp collisions at
√
s = 7 TeV measured by the CMS
experiment [33] in the mid rapidity, |yCM| < 1. The in-
variant yields are given for six multiplicity classes which
correspond to the efficiency corrected average track mul-
tiplicities < Ntrk > = 14, 51, 79, 111, 134 and 161. The
solid curves are the modified Tsallis distributions fitted
individually to different hadron spectra. The individual
fitting gives excellent fit quality for all the multiplicity
classes which can be inferred from the values of χ2/NDF
given in the table 1.
Figure 2 (a) shows the Tsallis parameter n for the
strange hadrons K0s , Λ and Ξ
− as a function of event mul-
tiplicity in the pp collisions at
√
s = 7 TeV. The parame-
ters T and β are shown in panels (b) and (c) respectively.
The value of n increases with the mass of particles but
there is little variation with multiplicity. It means that the
degree of thermalization remains similar for the events of
different multiplicity classes. The value of Tsallis tempera-
ture T increases with the multiplicity for all three hadrons
and becomes large for the highest multiplicity events. The
transverse flow also increases with multiplicity for all the
three hadrons. The highest value of β remains in the range
0.4-0.5 in pp system.
Figure 3 shows the invariant yields of K0s , Λ and Ξ
− as
a function of pT in panels (a), (b) and (c) respectively for
pPb collisions at
√
sNN = 5.02 TeV measured by the CMS
experiment [33]. The invariant yields are given for eight
multiplicity classes which correspond to the efficiency cor-
rected average track multiplicities < Ntrk > = 21, 57, 89,
125, 159, 195, 236 and 280 [34]. The solid curves are the
modified Tsallis distributions fitted individually to differ-
ent hadron spectra. The individual fitting gives excellent
fit quality for all the multiplicity classes which can be seen
from the values of χ2/NDF given in the table 2.
Figure 4 (a) shows the Tsallis parameter n for the
strange hadrons K0s , Λ and Ξ
− as a function of event
multiplicity in the pPb collisions at
√
sNN = 5.02 TeV.
The parameters T and β are shown in panels (b) and
(c) respectively. Like pp system, similar conclusions can
be drawn for the pPb system. The degree of thermaliza-
tion remains similar for the events of different multiplicity
classes. The value of Tsallis temperature T increases with
the multiplicity for all three hadrons and becomes large
for the highest multiplicity events. The transverse flow
also increases with multiplicity for all the three hadrons.
The highest value of β remains in the range 0.4-0.5 for
K0s and Λ and 0.75-0.85 for Ξ
− in pPb system.
Figure 5 shows the invariant yields of K0s , Λ and Ξ
−
as a function of pT in panels (a), (b) and (c) respectively
for PbPb collisions at
√
sNN = 2.76 TeV measured by the
 (GeV/c)
T
p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-
2
 
(G
eV
/c)
T
N
/d
y 
dp
2
) d T
 
p
pi
1/
(2
-710
-610
-510
-410
-310
-210
-110
1
 1×> = 161 trk<N
-1
 2×> = 134 trk<N
-2
 2×> = 111 trk<N
-3
 2×> = 79  trk<N
-4
 2×> = 51  trk<N
-5
 2×> = 14  trk<N
Modified Tsallis
 = 7 TeVsCMS, pp @ 
|<1
CM
|y
(a)
s
0K
 (GeV/c)
T
p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-
2
 
(G
eV
/c)
T
N
/d
y 
dp
2
) d T
 
p
pi
1/
(2
-710
-610
-510
-410
-310
-210
-110
1
(b)
Λ
 (GeV/c)
T
p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-
2
 
(G
eV
/c)
T
N
/d
y 
dp
2
) d T
 
p
pi
1/
(2
-810
-710
-610
-510
-410
-310
-210
-110
(c)
-Ξ
Fig. 1. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for pp collisions
at
√
s = 7 TeV measured by CMS [33]. The yields are shown
for different multiplicity bins. The solid curves are the fitted
modified Tsallis distribution.
CMS experiment [33]. The invariant yields are given for
eight multiplicity classes which correspond to the average
efficiency corrected track multiplicities < Ntrk > = 21,
58, 92, 130, 168, 210, 253 and 299 [34]. The solid curves
are the modified Tsallis distributions fitted individually
to different hadron spectra. The individual fitting gives
excellent fit quality for all the multiplicity classes which
can be seen from the values of χ2/NDF given in the table
3.
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Fig. 2. The Tsallis parameters n, T and β for the strange
hadrons as a function of mean track multiplicity < Ntrk > of
event class in pp collision at
√
s = 7 TeV.
Figure 6 (a) shows the Tsallis parameter n for the
strange hadrons K0s , Λ and Ξ
− as a function of event
multiplicity in the PbPb collisions at
√
sNN = 2.76 TeV.
The parameters T and β are shown in panels (b) and (c)
respectively. The degree of thermalization remains simi-
lar for the events of different multiplicity classes of PbPb
collisions. Unlike pp and pPb systems, the value of Tsal-
lis temperature T varies little with the multiplicity for all
three hadrons. The transverse flow β also increases with
multiplicity for all the three hadrons. The highest value of
β remains in the range 0.3-0.4 for K0s and Λ and 0.75-0.85
for Ξ− in PbPb system.
We have studied the spectra in the three systems pp,
pPb and PbPb. Since all the three systems are at dif-
ferent collision energy, they cannot be compared directly.
Moreover, how the multiplicity class can be related to the
system size is not clear. For PbPb system, the highest mul-
tiplicity class presented corresponds to a centrality class of
55 %, which can be called semi-peripheral events. It is still
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Fig. 3. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for pPb collisions
at
√
sNN = 5.02 TeV measured by CMS [33]. The yields are
shown for different multiplicity bins. The solid curves are the
fitted modified Tsallis distribution.
possible to draw some general comments from the present
analysis. The behaviour of various parameters like n and
β with the event multiplicity are similar for the three sys-
tems. The Tsallis temperature T increases with the multi-
plicity for pp and pPb systems but it does not show a no-
ticeable change with the event multiplicity for the PbPb
system. The PbPb system has smaller temperature and
transverse flow as compared to the pp and pPb systems.
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Fig. 4. The Tsallis parameters n, T and β for the strange
hadrons as a function of mean track multiplicity < Ntrk > in
pPb collision at
√
sNN = 5.02 TeV.
The PbPb system being large will maintain collectivity for
longer time and hence freeze-out at lower temperature.
We also carry out the above study using a single freeze
out scenario for all the hadrons. It is possible to find out
same set of parameters correspond to a good fit using com-
bined fitting of the three hadron spectra. The combined
fitting is performed in the pT range 0.3-3.8 GeV for K
0
s ,
0.6-3.8 GeV for Λ and 1.2-3.8 GeV for Ξ−. The pT range
for all the particle spectra is kept same over the three
systems.
Figure 7 shows the invariant yields of strange hadrons
K0s (red circle), Λ (green square) and Ξ
− (blue cross) as
a function of pT for pp collisions at
√
s = 7 TeV measured
by CMS experiment [33] for average track multiplicities
< Ntrk > = 14 (panel a) , 51 (panel b), 79 (panel c), 111
(panel d), 134 (panel e) and 161 (panel f). The solid curves
are the modified Tsallis distributions fitted simultaneously
to the three hadron spectra for a given multiplicity class.
While the fit quality in individual fitting was better, the
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Fig. 5. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for PbPb collisions
at
√
sNN = 2.76 TeV measured by CMS [33]. The yields are
shown for different multiplicity bins. The solid curves are the
fitted modified Tsallis distribution.
combined fitting gives reasonable quality fits for all mul-
tiplicity classes (except for the lowest multiplicity class)
which can be judged from the values of χ2/NDF given in
the table 4.
Figure 8 (a) shows the Tsallis parameter n obtained
from combined fitting of three strange hadrons as a func-
tion of the event multiplicity in the pp collision at
√
s =
7 TeV. The parameters T and β are shown in panels (b)
and (c) respectively. It can be seen from the figure that
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Fig. 6. The Tsallis parameters n, T and β for the strange
hadrons as a function of mean track multiplicity < Ntrk > in
PbPb collision at
√
sNN = 2.76 TeV.
n decreases with multiplicity and its value becomes ∼ 5
for the high multiplicity classes. The temperature T does
not show any trend with increasing multiplicity but it in-
creases smoothly in the three highest multiplicity bins.
The transverse flow β is zero for the first two multiplic-
ity bins and then sharply increases up to 0.5 in the three
highest multiplicity bins.
Figure 9 shows the invariant yields of strange hadrons
K0s , Λ and Ξ
− as a function of pT for pPb collisions at√
sNN = 5.02 TeV measured by CMS experiment [33] for
the average track multiplicities < Ntrk > = 21 (panel a)
, 57 (panel b), 89 (panel c) and 125 (panel d). Figure 10
corresponds to average track multiplicities< Ntrk >= 159
(panel a) , 195 (panel b), 236 (panel c) and 280 (panel d)
in pPb collisions. In both the figures, the solid curves are
the modified Tsallis distributions fitted simultaneously to
the three strange hadrons. The fit quality is reasonably
good except for the two lowest multiplicity classes which
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Fig. 7. The invariant yields of the K0s , Λ and Ξ
− hadrons as a
function of the transverse momentum (pT ) for pp collisions at√
s = 7 TeV measured by CMS [33]. Each panel corresponds
to a different event multiplicity class. The solid curves are the
fitted modified Tsallis distribution.
can be judged from the values of χ2/NDF given in the
table 4.
Figure 11 (a) shows the Tsallis parameter n obtained
from combined fitting of three strange hadrons as a func-
tion of the event multiplicity in the pPb collision at
√
sNN
= 5.02 TeV. The parameters T and β are shown in panels
(b) and (c) respectively. Like pp system, in pPb system
also n decreases with multiplicity and its value becomes
∼ 6 for the high multiplicity classes. The temperature T
smoothly decreases with multiplicity for the first few bins
then increases slightly in the last four most central bins.
The transverse flow β increases with the event multiplic-
ity and roughly saturates at 0.5 for the largest multiplicity
bins. On comparing figs. 8 and 11 one can conclude that
the values of parameters and their behaviour are the same
if we pick up the same track classes of the pp and pPb sys-
tems.
Figure 12 shows the invariant yields of strange hadrons
K0s , Λ and Ξ
− as a function of pT for PbPb collisions
at
√
sNN = 2.76 TeV measured by CMS experiment [33]
for average track multiplicities < Ntrk > = 21 (panel a),
58 (panel b), 92 (panel c) and 130 (panel d). Figure 13
corresponds to average track multiplicities < Ntrk > =
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Fig. 8. The Tsallis parameters n, T and β for the strange
hadrons as a function of mean track multiplicity < Ntrk > in
pp collision at
√
s = 7 TeV.
168 (panel a), 210 (panel b), 253 (panel c) and 299 (panel
d). In both the figures the solid curves are the modified
Tsallis distributions fitted simultaneously to three strange
hadrons. The fit quality is reasonably good except for the
lowest multiplicity classes which can be judged from the
values of χ2/NDF given in the table 4.
Figure 14 (a) shows the Tsallis parameter n obtained
from combined fitting of three strange hadrons as a func-
tion of the event multiplicity in the PbPb collision at√
sNN = 2.76 TeV. The parameters T and β are shown
in panels (b) and (c) respectively. The PbPb system looks
different from the pp and pPb systems. The value of pa-
rameter n shows a slight increase with the multiplicity and
has a higher value (∼ 12) as compared to that for smaller
systems. The temperature T smoothly increases with mul-
tiplicity for the first few bins then decreases smoothly in
the last four most central bins which is a trend oppo-
site to what is found in the pPb collisions. The transverse
flow velocity β remains zero for the first five multiplicity
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Fig. 9. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for pPb collisions
at
√
sNN = 5.02 TeV measured by CMS [33]. Different panels
correspond to different multiplicity bins. The solid curves are
the fitted modified Tsallis distribution.
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Fig. 10. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for pPb collisions
at
√
sNN= 5.02 TeV measured by CMS [33]. Different panels
correspond to different multiplicity bins. The solid curves are
the fitted modified Tsallis distribution.
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Fig. 11. The Tsallis parameters n, T and β for the strange
hadrons as a function of mean track multiplicity < Ntrk > in
pPb collision at
√
sNN = 5.02 TeV.
classes and increases up to 0.2 for the highest multiplicity
class. The transverse flow in PbPb system remains lower as
compared to pp and pPb systems. The highest multiplicity
class of the PbPb system corresponds to a semi-peripheral
collision and we expect that for central collisions the value
of β will become large.
Table 1. χ2/NDF of the strange hadrons production in pp
collision at
√
s = 7 TeV obtained using individual fitting
χ2/NDF
< Ntrk > K
0
s Λ Ξ
−
14 0.022 0.106 0.198
51 0.013 0.062 0.150
79 0.049 0.092 0.439
111 0.061 0.047 0.206
134 0.033 0.035 0.138
161 0.063 0.063 0.388
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Fig. 12. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for PbPb collisions
at
√
sNN = 2.76 TeV measured by CMS [33]. Different panels
correspond to different multiplicity bins. The solid curves are
the fitted modified Tsallis distribution.
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Fig. 13. The invariant yields of the K0s , Λ and Ξ
− hadrons as
a function of the transverse momentum pT for PbPb collisions
at
√
sNN = 2.76 TeV measured by CMS [33]. Different panels
correspond to different multiplicity bins. The solid curves are
the fitted modified Tsallis distribution.
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Fig. 14. The Tsallis parameters n, T and β for the strange
hadrons as a function of mean track multiplicity < Ntrk > in
PbPb collision at
√
sNN = 2.76 TeV.
4 Conclusion
We carried out an analysis of transverse momentum spec-
tra of the strange hadrons in different multiplicity events
produced in pp collision at
√
s = 7 TeV, pPb collision
at
√
sNN = 5.02 TeV and PbPb collision at
√
sNN =
2.76 TeV using Tsallis distribution modified to include
transverse flow. The analysis is performed for both the
differential and single freeze out scenarios of the strange
hadrons K0s , Λ and Ξ
−. In both freeze-out scenarios, the
transverse flow increases with event multiplicity for all the
three systems.
In the case of the differential freeze-out scenario, the
value of parameter n has a little variation with multiplicity
implying that the degree of thermalization remains similar
for the events of different multiplicity classes in all the
three systems. For the differential freeze-out scenario the
value of Tsallis temperature increases with the mass of
the hadrons and also increases with the multiplicity of the
event class in pp and pPb system. In PbPb system, the
Table 2. χ2/NDF of the strange hadrons production in pPb
collision at
√
sNN = 5.02 TeV obtained using individual fitting
χ2/NDF
< Ntrk > K
0
s Λ Ξ
−
21 0.043 0.029 0.058
57 0.019 0.023 0.058
89 0.021 0.015 0.044
125 0.023 0.020 0.111
159 0.015 0.026 0.067
195 0.016 0.019 0.043
236 0.017 0.021 0.048
280 0.017 0.025 0.077
Table 3. χ2/NDF of the strange hadrons production in PbPb
collision at
√
sNN = 2.76 TeV obtained using individual fitting
χ2/NDF
< Ntrk > K
0
s Λ Ξ
−
21 0.034 0.109 0.407
58 0.024 0.069 0.507
92 0.033 0.077 0.387
130 0.068 0.029 0.204
168 0.023 0.185 0.249
210 0.063 0.028 0.285
253 0.068 0.056 0.336
299 0.080 0.059 0.179
Table 4. χ2/NDF of the strange hadrons production in pp
collision at
√
s = 7 TeV, pPb collision at
√
sNN = 5.02 TeV and
PbPb collisions at
√
sNN = 2.76 TeV obtained using combined
fitting
pp pPb PbPb
< Ntrk >
χ2
NDF
< Ntrk >
χ2
NDF
< Ntrk >
χ2
NDF
14 1.989 21 1.035 21 1.954
51 0.308 57 1.559 58 0.847
79 0.261 89 0.202 92 0.668
111 0.262 125 0.223 130 0.504
134 0.385 159 0.348 168 0.464
161 0.362 195 0.454 210 0.446
- - 236 0.688 253 0.421
- - 280 0.833 299 0.509
value of Tsallis temperature shows little variation with the
multiplicity for all the three hadrons.
In the case of the single freeze-out scenario the differ-
ence between small systems (pp, pPb) and PbPb system
becomes more evident. For pp and pPb systems, the pa-
rameter n decreases with increasing multiplicity but for
PbPb system it shows a slight increase with the multiplic-
ity and has a larger value as compared to that for smaller
systems. For single freeze-out scenario, the temperature
in PbPb system smoothly increases with multiplicity for
the first few bins then smoothly decreases which is a trend
opposite to what is found in the pp and pPb systems. It
is expected that if a truly collective system is formed, the
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temperature decreases or remains constant as the system
size increases. Decreasing temperature for PbPb system
above Ntrk=150 is indicative of that.
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